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In the first part of the thesis, the metallation of 3，3’-dimethyl-
2,2'-bipyridine is described. Both mono- and di- l i thiat ion show 
that proton abstraction occurs exclusively at the benzylic carbons. 
A novel charge migration is also observed in the mono- or di-
l ithiated compounds of the asymmetrically bis-silylated ligand 
which results in the formation of the symmetrically silylated 
anionic species. 
Metallacycles of Group 4，12，and 14 elements had been 
synthesized via the di l i thium compounds of the 3，3’-dimethyl-
2,2 ' -b ipyr id ine and 3,3 ' -b is t r imethy ls i ly lmethy l -2 ,2 ' -b ipyr id ine. 
The structures of three Group 14 metallacycles have been 
characterized by X-ray crystallography. They include the 6,7-
d i h y d r o - 6 , 6 - d i m e t h y l - 5,7-bis t r i me th y l s i l y l - 5 / / - d i p yr id ino[c ,e ] 
metallepine of silicon and t in(IV) and a l i thium complex of Sn(II) 
metallepine. The energy barrier of the torsional motion of the 
b i p y r i d i n y l axis in the 6 , 7 - d i h y d r o - 6 , 6 - d i m e t h y l - 5 / / -
d ipyr id ino[c ,e ]s i lep ine was determined f rom the variable 
temperature IH NMR spectra. 
In the second part of this thesis, the synthesis of bimetallic 
complexes using the metallacycles derived above is described. The 
structure of the {6,7-dihydro-6,6-dimethyl-5,7-bistr imethyls i ly l -
5 / / - d i p yr id ino[c ,e ]s tannepine}-N,N' - tu ngsten t e t r a c a r b o n y l 
complex has been determined by X-ray crystallography. 
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Chapter 1 
I n t r o d u c t i o n 
1 . 1 Thermal stability of metallacycles 
The term metallacycle refers to a heterocyclic ring with a 
metallic element as the heteroatom. The general formula of a. 
metallacycle can be represented as: 
CpHq ML , 
v v 
M=metal, L=anci l lary Ligand, p > 2，q > 5 , n=l，2，3’.... 
The presence of ancillary ligands L may depend on the 
oxidation state and the corresponding coordination sphere of the 
metal M. 
The chemistry of metallacycles has attracted much attention 
because this type of organometallic compounds has potential 
catalytic activities in various reactions such as alkene metathesis， 
cycloaddition of alkenes, oligomerization of dienes, polymerization 
as well as acting as transfer reagents for various heterocycles.i 
When compar ing w i t h the acyc l ic counterpar ts , 
metallacycles exhibit different structures，thermal stabil ity and 
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reactivity. These can be rationalized when steric requirement, 
electronic contribution and ring strain effect are taken into 
consideration. For a small ring system, stability increases with 
ring size owing to the release of ring strain. However, as ring size 
increases, the acyclic array competes favourably with the 
cyclization process and stability thus decreases. 
When comparing with the carbocyclic counterparts, the 
introduction of metal M induces polarity and hence chemical 
reactivity. I f M has an expandable coordination sphere, then 
structural variations in the whole heterocycles are enhanced 
accordingly. 
The above-mentioned properties of metallacycles can be 
exemplified by the following examples. 
c . O CP Q 
cp ) r \ c , . > _ 
D o 
l a l b 
Compound l a is isoelectronic with l b at the metal centre 
and can be considered as an acyclic analogue of l b . However, they 
differ markedly in thermal stability.2 Compound l b is found to be 
stable at room temperature in air but l a must be stored at low 
temperature and preferably under inert gas to prevent 
decomposition. Such enhanced stability of l b may be attributed to 
both the electronic effects and steric requirements. 
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Similarly, the enhanced thermal stability of metallacycles 
can be shown in a series of platinacycles 2a-e.3a-c 
L 2 P O � L 2 P ( 3 
2 a 2 b 2 c 2 d 2 e 
L=tertiary phosphines 
Although they give similar decomposition products as the 
acyclic compound 化 u i P t L � � t h e cyclic compounds show greater 
enhancement in thermal stability than the acyclic compounds. The 
effect of ring size also plays an important role. The larger and 
more flexible seven member platinacycle 2e is found to be less 
thermally stable than 2 a - 2 d . This may due to the small dihedral 
angle Pt-C-C-H which renders p-elimination easier. 
Furthermore, the stabilities of the following three tungsten 
complexes 3a -3c are note\vorthy:4a-c 
I z ,W W(CH2Ph)4 W(CH3)6 
3 a 3 b 3 c 
The metallatricycle 3a is surprisingly a thermally robust 
complex, being sublimable at 180°C under vacuum (10-3 mmHg). 
Compound 3b is stable at room temperature but compound 3 c 
decomposes readily at room temperature. Such enhanced stability 
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is suggested to be a result of folding of the o-xylylidene ligand 
which allows stronger W(d。)-冗 i n te rac t ion .4b 
The examples above show that metallacycles are more 
stable than their acyclic analogues. The objective of this work is to 
synthesize this type of organometallic compounds. 
1 . 2 General Synthetic Methods of Metallacylces 
The synthetic routes to metallacycles have been reviewed 
by Chappell et. alJ These include (i) insertion of appropriate 
metal moiety into C-C bonds, (i i) transferring the organic moiety 
from one organometallic compound to another metal through a 
metathesis pathway, ( i i i ) derivation from coupling reactions of 
alkenes or alkynes, (iv) reaction between metal combining species 
with alkenes or alkynes, and (v) by cyclometallation reaction. In 
this work, ligands 4 a as well as 4 b are proposed and used to 
synthesize the corresponding metallacycles via the benzylic 
carbons. The method (i i) above is used in the expectation that it 
provides the most practical and convenient synthetic pathway for 
these ligands. The dilithiated compounds of 4a and 4b wi l l be 
used as transfer reagents in the preparation. 
_ Q 1 _ 
[Li+(tmecia)h [Li+(tmeda)]2 
G 厂 e < 
L 」 SiMe3一 
6 a 6 b 
Figure 1. Dil i thiated compounds 6a and 6b. 
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1.3 O b j e c t i v e 
The objective of this work is to synthesize seven-member 
metallacycles using ligands 4a and 4b. The metallacycles derived, 
according to the lUPAC nomenclature, are named 6,7-dihydro-5//-
dipyr id ino[c,e]metal lepines, and 6,7-dihydro-5,7-bis- t r imethyl-
si ly l-5//-dipyr idino[c,e]metal lepines respectively. Metallation of 
3’3，-dimethyl-2，2’-bipyridine and its si lylated derivatives by 
reaction with «BuLi w i l l be attempted. These organoli thium 
reagents w i l l be used subsequently for reactions with some metal 
dihalides to give the desired metallacycles via salt elimination. 
1.4 Features of ligands 
The ligands in this study are 4a and its symmetrical ly 
silylated derivative 4b . The resulting metallepine possesses some 
special features. First ly, being void of a p-hydrogen, the 
metallepine is expected to be thermally stable because the facile 
p-elimination pathway is hindered. Incorporation of TMS groups 
at the benzylic carbon can in principle stabilize the metallepine 
because the sterical hinderance of the TMS group can protect the 
metal centre from nucleophilic attack.5 The enhanced l ipophil icity 
also improves the solubi l i ty of the resulting organometallic 
compound in organic solvent {vide infra). The bulkiness of 
substituents at the a-carbons also makes polymerization through 
the metal centre less favourably. The chelating ligand stabilizes 
the metallepine since ligand loss and rearrangement within the 
coordinat ion sphere is hindered. The accessibi l i ty of the 
conjugated system also provides the possible polyhapto mode of 
bonding，which is found to be useful in stabilizing an electron 
1 0 
deficient system by donating its electron cloud to the metal centre 
and saturating the coordination sphere of metal. 
Secondly, due to the torsional nature of the bipyridinyl axis, 
some interesting stereochemistry arises. The metallepine is axially 
asymmetric with respect to the chiral axis, and hence the 
formation of stereoisomers, namely the 5 and A forms, are 
conceivable (See Figure 2). These two isomers are enantiomeric in 
nature, yet they are conformers.6 
r ^ i ^ 
I V T h ^ I 、Ha 
k J I k - J 
入-isomer 5- isomer 
Figure 2. Enantiomeric pair of metallepine derived f rom 4a. 
Both 5 and X forms of the metallepine adopt C2 molecular 
symmetry. I f the energy barrier for the ring fl ipping, i.e. the 
rotation of the bipyridinyl axis, is high enough, the two isomers 
may in principle be resolved into their corresponding optically 
active complexes. Such resolution can be observed by IH NMR 
spectroscopy. Since the methylene protons in such an axially 
asymmetric molecule are prochiral in nature, ie. Ha and Hb are 
magnetically non-equivalent and an AB quartet should be 
observed in the IH NMR spectrum. When sufficient energy is 
applied, interconversion between the 5 and A forms is possible and 
the geminal protons are made equivalent by an averaging effect. 
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Therefore variable temperature NMR may be useful in 
determining the energy barrier for such interconversion process. 
For the symmetrically silylated complex, 6 possible isomers 
may exist (See Figure 3). Owing to the bulkiness of the TMS group, 
interconversion of the 5 and A form is expected to be non-feasible 
at room temperature. Both the enantiomeric pairs 5SS/XRR and 
SRR/XSS adopt a C 2 symmetry whereas the 5/XSR enantiomers 
adopt a C i symmetry. Therefore, the third pair can be 
distinguished from the former two by examining the IH NMR 
spectra. By considering the unfavourable non-bonding interaction 
between the ancillary ligand and the TMS groups, it is predicted 
that the 5SS/XRR isomers should form preferentially and the 
formation of the 5RR/?iSS should be the least favourable. 
Apart from the stereochemistry consideration, the ligands 
themselves are diazabiaryl compounds which means that the 
formation of bimetallic complexes is possible. Accommodation of a 
second metal can be accomplished through complexation via the 
nitrogen of the pyridine rings. Many chemists have been putting 
efforts in the studies of diazabiaryl metal complexes because of 
the potential application in the domains of host-guest chemistry, 
photochemistry, biochemistry as well as organic synthesis. The 
presence of two metal centres should enrich the chemistry of 
these fields. Also it is expected that the size of the heteroatom M 
can manipulate the relative orientation of the two pyridine rings 
and therefore influencing the geometry of the chelating envelope. 
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• ^ ^ I ‘ ^^^ 
R ^ U ^ l H I H l ^ ^ Y R 
^ ^ i k x J 
X-KR ^ ^ ^ ^ 5-SS 
r ^ i r ^ ^ 
R i � ^ � � H i 
H ^ p ^ � 1 
； k x 
X-SS ； 5-RR 
^ ^ i k x 
入-SR ； 5-RS 
L � ancillary ligand, 
R 二 SiMes 
Figure 3. Six possible isomers of metallepines derived from 4b . 
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Chapter 2 
2.1 Brief Survey of various Transfer Reagents 
In both organic and organometallic synthesis the use of 
transfer reagents provides a facile pathway in the incorporation of 
an organic moiety into another metal or another organic fragment. 
The active metals in these transfer reagents involve lithium, 
sodium, magnesium, t i tanium, zirconium, z inc，cadmium and 
mercury etc.. Among these transfer reagents, organolithium and 
Grignard reagents are the most commonly used, especially in 
organometallic synthesis. They are capable of transferring the 
organic moieties to another metal via a metathesis pathway: 
RLi + MX RM + L iX 
R^Mg/RMgX + MX RM + MgX^ 
R=alkyl/aryl, X=halide 
The success of these reactions lies in the favourable formation of 
L iX and MgXi . 
Zirconacycles have also been found to be useful transfer 
reagents for main group e l e m e n t s . l a - b Such transformations are 
done by adding the zirconacycles into the suitable halides. 
1 0 
R R 
ZrCp2 、 M L n 
A A R 
R R 
2 9 a 3 0 a 
R=Me，MLn=PPh’ AsPh, SbPh，BiPh, GeCl�，InCl, GaCl; 
R=Ph，MI^=SO 
2 9 b 3 0 b 
MLn=S, Se; SnMe2 
ZrCp2 I T ^ c 
2 9 c 3 0 c 
cp2 Ri 
价 4 — 
2 9 d 3 0 d 
In the synthesis with a relatively mild, non-basic conditions, 
Group 12 organometallic compounds may be a better choice. For 
example, in the partial alkylation of NbCls. 
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Me2Zn + NbCl5 MesNbCl〗+ ZnCl: 
Also, alkyl zinc bromide in the Reformatsky reactions: 
[R02CCH2ZnBr]2 ” 只、。^  2 RO2CCH2CRI2OH 
2) H2O 
RCdCl + R'COCl R'COR + CdCl: 
The second reaction above shows a completely different 
pattern when compared with the Grignard reagent, which the 
latter wi l l further react with the product leading to the reduction 
of ketone into alcohol. 
In this work, the dil i thium reagent wi l l be used as transfer 
reagent. 
2 . 2 Introduction of Metallation Reactions 
Direct metallation of benzylic and phenyl systems were 
found to be the versatile method in the preparation of the 
corresponding l i th ium compounds. The structures of many of 
these l i th ium compounds have been determined by X-Ray 
crystallography and these structural studies have been r e v i e w e d . 2 
The structures of 31e and 3 I f are of especially interest because 




p ^ 、 9 L i ( t m e d a ) 丨•、：L—eda) 
TMS i i ' ' Ph 
( tmeda) 3 1 a 3 1 b 
( tmeda) 
( tmeda) C ^ ) 
3 1 c 3 1 d 
( tmeda) 
( tmeda) U ( tmeda) T M S 、 , , , 
. 二 . L l / / % " . L L、： 〉.,,Li(tmeda) 
dh o t o 
( tmeda)Li ,-《 
3 1 e 3 1 f 
Owing to the electron deficiency of L i , the organolithium 
compounds tend to associate extensively, forming oligomers and 
3 1 e shows the extreme case, which forms a coiled polymeric 
chain3. Upon the incorporation of the bulky TMS groups on the 
benzylic carbons, extensive association is hindered. The l i thium 
centre of 3 I f adopts a polyhato-mode of bonding. 
In this work, the ligands used are the N-functionalized 
system. In comparison with the phenyl system, these N-
functionalized ligands are less explored. Typical examples include 
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2-picoline and its silylated derivatives. The structural studies of 
the lithium complexes of these pyridinyl alkyl reveal some special 
types of bonding. 
f ^ f ^ ^ 
TMS I 、 N < ^ TMS 
Y I. Et20^ y r i I 
U ^ l i l i 、 ( tmeda)Li Li( tmeda) 
丄 i 。 E t 2 V V 
TMS J J TMS ^ N 1 T 
^ u ^ 
3 1 g 3 1 h 3 1 i 
Compound 3 1 g forms a two-coordinate l i th ium alkyl 
whereas 3 1 h shows an ri^-aza-allyl bonding mode/ In compound 
31i , due to the lower steric hindrance, the lithium centres adopt a 
tetrahedral geometry.5 
In this work, the 3，3，-dimethyl-2’2，-bipyridine w i l l be used 
as precursor for transfer reagents 6a and 6b . Like the 2-picoline4 
and 2,6-dimethyl-pyridine,5 one of the ortho-positions on the ring 
is blocked. It is anticipated that deprotonation at the benzylic 
carbons wi l l occur preferably to the nucleophilic attack at the 6,6'-
positions. In this work, ^BuLi in the presence of a tertiary amine 
tmeda is anticipated as the lithiation reagent. 
For the bisilylated derivative 4b , it is expected that acidity 
of the benzylic protons is enhanced due to the incorporation of the 
TMS groups, and the proton abstraction should be facile. 
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2.3 Results and Discussion 
2.3.1 Lithiation and Derivatization of Ligand 
Compound 4a was prepared in satisfactory yield from 2-
amino-3-picol ine via bromination followed by a Ni mediated 
homocoupiing reaction.6 (See Scheme 1). 
1) • ， B r 2 1/3 (Ph3P ) ,N iC l , / 
2) N a N O o 、 / — 3 / 2 Zn’ ‘ — \ _ / 一 \ 
60°C, 40 hrs. / 
4 a 
Scheme 1. Synthesis of 4a. 
The reaction of 4a and 4b with ^BuLi in the presence of 
tmeda afforded the dil i thium compounds 6a and 6b respectively. 
The metallation of 4a and subsequent reactions of its silylated 
derivatives are summarized in Scheme 2. 
The l ithiation of 4 a primari ly depends on the cri t ical 
experimental conditions where the reaction mixture was kept at 
-78°C before the lithiation was complete. The site of metallation 
and the extent of metallation could be elucidated by quenching 
the l i th ium compounds with TMSCl. The solutions of the 
monolithiated derivatives of 4a and 4b in the THF showed a 
persistent blue coloration even at ambient temperature. In a 
solution mixture of excess «BuLi (2 mole equivalent 吐uLi)，second 
lithiation occurred at temperature higher than ca. -60°C. This was 
monitored by the conversion of the blue color to red. Such 
conversion could be accelerated slightly at higher temperature. 





















































































































































































































species of 4a with TMSCl. Good yields of 4b depend on careful 
control of temperature and reaction time. High temperature is 
believed to initiate aggregation of 6a’ making it less reactive and 
other unexpected reaction might take place {vide infra). However, 
second lithiation proceeds slowly at temperature below 0°C. 
Therefore isolation of a significant amount of 8 showed 
incomplete dilithiation due to insufficient reaction time. 
2 . 3 . 2 Charge Migration 
Carbanionic rearrangement ( or alternatively named as silyl 
.migra t ion) has been reported in 2-bis(trimethylsilyl)methyl-2'-
methyl-biphenyl (See Figure 4)，3 attempts had been made to 
explore the possibility of similar rearrangement of the anionic 
centre in 3-bistrimethylsilylmethyl-3'-methyl-2,2'-bipyridine 8. 
TMS TMS TMS 
_ ( 1) 2"BuLi , tmeda 厂 
D 乂 
TMS 
Figure 4. Charge m ig ra t i on in 2 - b i s ( t r i m e t h y l s i l y l ) m e t h y l - 2 ' - n i e t h y l -
b i p h e n y l . 
In the experiment, the mono-l i thiated or di- l i thiated 
derivatives of 8 was reacted with D2O (or H 2 O ) . The IH NMR 
spectra of the products isolated were found to be identical with 













































































































































































































The mechanism for such rearrangement is not known but it 
is proposed to be an intramolecular rearrangement similar to 2-
b i s t r i m e t h y l s i l y l m e t h y l - 2 ' - m e t h y l - b i p h e n y l . 3 In the proposed 
mechanism, instead of the more acidic methine proton,3,7 the less 
hindered methyl proton was believed to be abstracted in 
preference and then followed by nucleophilic substitution which 
involves a penta-coordinate silicon intermediate. The phenomenon 
is alternatively known as silyl-migration. For an intra-molecular 
nucleophilic substitution, proximity of the nucleophile and the 
si l icon centre plays an important r o l e . 7 - 8 For example, the 
intramolecular silacycle formation from dilithiated derivative of 
l,8-(Bistrimethylsilylmethyl)naphthalene is favoured by the close 
proximity of the anionic centre and the silicon atom as well as the 
release of steric compression in the resulting compound. 
T M S . O G^TMS A TMS 
广 〇 , O j T p 
With regards to the free rotating bipyridinyl axis in 8，which 
allows close proximity of the reactive centre, intramolecular 1,6-
carbanionic rearrangement is expected to proceed smoothly as in 
the di-benzyl system. 
It was anticipated that the di l i thium compounds 6a and 6 b 
should provide a facile synthetic route to various metallacycles as 
shown in Scheme 4. The bipicolines 4a and 4b chosen in this work 
1 0 
are polar molecules and the polarity of the C-Li bond of the 
corresponding lithiated species is expected to be stronger when 
compared with the di-benzyl analogue.3 Apart from polarity 
consideration, steric effect, presence of complexing agent/medium 
as well as temperature can also affect the degree of association.2 
These factors are consistent with the formation of the di l i thium 
compounds 6a and 6b. 
� R 1 b 
R y Y ^ 





Scheme 4. Synthesis of metallacycle via 6a and 6b . 
In the synthesis of 6a , a more polar solvent, THF must be 
used to prepare the solution of 6 a , even diethyl ether cannot 
dissolve the lithiated compound well. Such low solubility in less 
polar solvent indicates a high degree of association of the 
compound which makes it dif f icult to prepare a good sample for 
recording the NMR spectrum. The metallation reaction by nRuLi -
tmeda was fast and 6a precipitates immediately in the solvent of 
diethyl ether and hexane, making it less favourable to obtain good 
quality crystals for X-ray structural determination. 
Compound 6a was found to be less air sensitive than 6b as 
the latter immediately turned orange yellow when exposing to air. 
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Color changes observed in preparing 6a could possibly be 
due to the change in the degree of association. It changed from 
violet to deep red and finally black in color at prolonged standing 
at room temperature. This black solid was observed immediately 
in the reaction mixture of non-polar solvent like hexane and 
benzene. By recooling such black solution to -78°C and then 
quenching with TMSCl gave a reduced yield of 4b. With reference 
to the d i l i th ium derivatives of 2 ’2 ’ -d imethyl-b iphenyl，which 
forms a polymeric chain, the high degree of aggregation in 6a is 
not surprising. The proposed aggregation of 6a that takes place 
during warming up makes the dil ithiated reagent less reactive 
and some undesirable side reactions might then become dominant. 
Another explanation for the low solubility of 6 a is the formation 
of a complex ionic compound. With reference to the structure of 
Bipc'SnClLi( tmeda) {vide infra)’ compound 6 a may adopt a 
structrure with l i thium bound by tmeda molecule(s) as a possible 
cation, and the aromatic N-donor groups forming chelate rings 
with some of the lithium centres. 
Different from 6 a , large crystals of 6 b were obtained in 
benzene or «hexane. However, owing to the high sensitivity 
towards oxygen and moisture, attempts to prepare sample for X-
ray structural determinat ion has not been successful. 
Nevertheless, from the decomposed sample (which give back the 
free ligand 4 b ) , the I H nmr spectrum showed that two tmeda 
molecules are present in each molecule of 6b. 
The reaction of 6 b w i th other substrates were more 
effecetive than 6a (See Chapter 3). The enhanced reactivity is 
probably due to the ease of solvation of the oligomeric structure 
1 0 
of 6b in organic solvent. The solubility of 6b in benzene, ether 
and toluene is comparatively higher. Also, the TMS groups 
increase the lipophilicity as well as stabilizing the anionic charge. 
It has been shown that the presence of the TMS groups can reduce 
the charge delocalization,9-io which makes the oc-carbon more 
anionic, hence more reactive towards nucleophile. 
2.3.3. Characterization of Compounds 
NMR Spectroscopy 
The physical properties of the 4a and its derivatives are 
shown in Table 1. The IH NMR and " c NMR data are shown in 
Table 2 and 3 respectively. 
When examining the IH NMR spectra, no significant changes 
in chemical shifts and coupling constants were observed in the 4 a 
and its si lylated derivatives. For the symmetrical si lylated 
derivatives, i.e. 4b and 4c, the three aromatic protons showed a 
clear A M X system, each signal exhibited a doublet of doublet and 
the coupling constants were well resolved. For the asymmetrically 
silylated derivative, i.e. 7，8 and 9，overlapping of protons signals 
between positions 4 and 4，； 5 and 5，respectively were observed, 
and the coupling constants were unable to obtain. 
Mass Spectrometry 
The mass spectra of all the silylated derivatives gave the 
parent peak, peaks due to elimination of a methyl group and 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2-Bromo-3-methyl-pyr id ine was prepared from 2-amino-3-
picoline fo l lowing the literature procedure^ for 2-Bromo-
pyridine. The product was distilled under vacuum (0.3 mmHg, 52-
54°C). Yielded 80-90%. IH nmr and MS confirmed the product. 
Preparation of Bis(triphenylphosphine)nickel(II) chloride. 
The compound was prepared by the method of Cottoni2. The olive 
green crystals were isolated and dried without further 
purification. Yielded 80-85%. 
Preparation of 2,3'-Dimethyl-2,2‘-bipyridine 4a. 
Compound 4a was prepared by coupling reaction of PicBr using 
the method described by Iyoda6 except that no EtqNI was added. 
To a reddish brown mixture of zinc dust (14.5g, 0.222mole) and 
(Ph3P)2NiCl2(32.3g，0.0493mole) in THF (370ml) at 60。C，was 
added dropwise a neat sample of PicBr (25.5g, 0.148mole) in 20 
minutes. The reaction mixture was left stirring at 60°C for 40 
hours and it was then poured into aqueous ammonia solution ( IL , 
3M). The mixture was filtered and the product was extracted with 
chloroform. After concentration, the extract was distilled under 
vacuum (O.lmmHg) and distillate was collected at 68-7p°C, 
yielded 8.5g(62%). i H NMR (CDCI3) 5 2.02(s, 6H), 7.08(dd, 
3 J 5 ， 4 = 7 . 7 H z ’ 3J56=4.8Hz, 2 H ) , 7.47(dd, 3J45=7.7HZ,斗！斗’石二 l .OHz, 2 H ) , 




lithio]-methyl-2,2' -bipyridine 6b. 
To a ^hexane solution of 4a (0.40g, 2.1 mmole) and tmeda (0.65 
ml, 4.3 mmole) in icy cool bath, was added "BuLi (2.7 ml, 1.6M in 
^hexane, 4.3 mmole). Reducing the volume of solution by half and 
followed by discarding the black solution, leaving some dark red 
solid, m.p. dec.〉130。C’ yielded 0.72g(80%). Owing to the low 
solubility, no NMR spectra had been obtained. 
Preparation of 2-Trimethylsilylmethyl-3' -methyl-2,2' -bipyridine 
7. 
To a THF solution of tmeda (0.59ml’ 3.9mmole) and 4a (0.72g, 
3.9mmole) was added a solution of "BuLi (2.7ml, L6M in "hexane’ 
4.3mmole). After stirring at -78°C for 3 hours, TMSCl (0.55ml, 
4.3mmole) was added to the blue solution of monolithiated 
species. After stirring at -78°C for 1 hour, the reaction mixture 
was warmed up to r.t. and stirring was continued for 16 hours. 
Solvent and volatile were removed in vacuo. The residue was 
hydrolysed and the product was extracted with "hexane. The 
organic layer was dried over MgSO^. After f i l t rat ion and 
concentration, the crude product was distil led under vacuum 
(O.lmmHg), distillate was collected at 72-74°C, yielded 0.98g 
(98%). ^H NMR (CDCI3) 5 -0.19(s, 9H), 2.1 l ( s，2 H ) , 2.17(s、3H)’ 
7.14(dd, 二7.8Hz’ 3J5,6=:4.7Hz’ IH) , 7.l6(dd, 
3J5，,6,=4.8Hz，IH), 7.42(dd, ^J^^^l.GHz, IH), 7.55(dd, 
3J4,,5.=7.6Hz，4J4,,6,=:1.5Hz，IH), 8.38(dd, J^6 4=1.6Hz, IH), 
8.46(dd, 3J6,,5,=4.8Hz’ ^J^. 4.=L5Hz, IH). ^^C NMR (CDCI3) 5 -1.68, 
1 0 
18.50, 22.07, 122.13，122.32，131.69, 134.70，136.99，138.00， 
144.58, 145.84, 155.46, 157.40. 'MS m/z 256(P)+，241(P-Me)+， 
183(P-SiMe3)+，73(SiMe3)+. 
Preparation of 2-Bis-trimethylsilylmethyl-3’-methyl-2,2 ’ -bipyri-
dine 8. 
Starting with 7，similar, procedure as the preparation of 7 was 
carried out except the concentrated extract was chromatographed 
over silica gel with "hexane to ethyl acetate in a ratio of 4:1 as 
eluent. The major fraction was collected. The title compound was 
obtained as pale yellow oil which crystallized on standing at r.t.， 
yielded 0.99g(78%). ^H NMR (CDCI3) 5 -0.01(s’ 18H), 1.84(S, IH), 
2.21(s, 3H), 7.16(m，2H), 7.43(dd, ^145=8.0, IH), 7.56(dd, 
3J4’,5’=8.0，4J4’.6,=1.7Hz，IH), 8.34(dd, .=4.6, ^J^^^LGHz, IH), 
8.44(dd, 3J6,.5,=4.2，^J .^ IH). ^^c NMR (CDCI3) 5 0.32, 19.04, 
22.76，121.93，122.31, 132.21, 136.83，138.31，138.59, 143.49, 
145.71, 156.28，157.67. MS m/z 328(P)+，313(P-Me)+，255(P-
SiMe3)+，73(SiMe3)+. 
Preparation of 3-Bis-trimethylsilylmethyl-3'-trimethylsilylmethyl-
2,2' -bipyridine 9. 
The same procedure as for 7 was used, starting either with 8 or 
4b. m.p. 85-87。C’ yielded 40-50%. ^RNMR (CDd^) 5 -0.03(s, 18H), 
-0.02(s, 9H), 1.76(S, IH) , 1.89(s, 2H), 7.12(dd, 
3J5,6=4.6Hz，IH), 7.13(dd, -7.9Hz, IH), 7.37(dd, 
3J45=7.9Hz, ^J4 6=1.7Hz, IH), 7.41(dd，^J^, 5.=7.9Hz, - i .6Hz, IH), 
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8 . 3 4 ( d d，3J6,5= 4 . 6Hz ’ 4 j 6 ’ 4 二 i . 7 H z ， 1 H ) , 8.38(dd, ^了^’,。,二4.6Hz， 
4J6,’4,:=1.6Hz’ 1H). NMR (CDCI3) 5 -0.05, 1.19’ 23.30, 23.77， 
122.43，122.66，136.14，136.80，137.10, 138.87，144.04, 145.13, 
157.02，157.30. MS m/z 400(P)+，385(P-Me)+’ 327(P-TMS)+’ 
311(P-TMS-Me)+. Calc. for C^^U^^N.Si^ C:62.93，H:9.05, N:6.99%; 
Found C:62.95, H:9.06，N:7.10%. 
Preparation of 2,2' -Bis-trimethylsilylmethyl-2,2’-bipyridine 4b. 
To a THF solution of bipicoline 4a (7.70g, 41.8mmole) and tmeda 
(12.6ml, 83.6mmole) was added nBuLi solution (57.5ml, 1.6M in 
hexane, 91.9mmole) at -78°C. The mixture was stirred at -78。C for 
2 hours. It was then left warming up and was kept stirring at 
about 0°C for half an hour. The purple red dilithiated bipicoline 
was cooled to -78°C again before TMSCl (11.6ml，91.9mmole) was 
added to it. After 1 hour, the mixture was left warming up to r.t.， 
and was stirred for 16 hours. Solvent and volatile were removed 
in vacuo. Residue was hydrolysed and product was extracted with 
"hexane. Dried and concentrated extract was chromatographed on 
silica gel with eluent "hexane/ethyl acetate(4:1). The fract ion 
eluted just before 4a was collected. The title compound obtained 
was a pale yellow oil, yielded 7.39g.(53.8%). ^H NMR (CDCI3) 
5 -0.15(s, 18H), 2.02(s, 4H), 7.12(dd, 2H), 
7.40(dd, 3 j 4 , 5 = 7 . 8 H z ， 2 H ) , 8.39(dd, 31^5=4.7Hz, 
4 J 6 . 4 = 1 . 3 H Z， 2 H ) . 1 3 C N M R C C D C L J ) 5 - 0 . 1 5 , 2 3 . 7 5， 1 2 3 . 1 9’ 136.0 2， 
137.85, 145.74, 157.16. MS m/z 328(P)+，313(P-Me)+’ 255(P-
TMS)+，73(TMS)+. Calc. for C^^R^^N^Si^ C:65.79, H:8.59, N:8.52%; 
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Found C:65.97, H:8.61, N:8.46%. 
Preparation of 3,3' -Bis[(N,N,N'N' 'tetramethylethylenediamine)-
lithio]-2,2 ‘ -bis-trimethylsilyl-methyl-2,2'-bipyridine 6b. 
To a "hexane solution of 4b (0.85g, 2.6mmole) and tmeda(0.79, 
5.2mmole) was slowly added "BuLi (3.4ml, 1.6M in hexane, 
5.5mmole) at 0°C with slow stirring. After the addition the 
reaction mixture was left standing at r.t. without stirring before 
the hexane solution was discarded. Solvent was removed in vacuo. 
Recrystallization: Benzene was added. The solution was slightly 
boiled and left cooling to r.t. slowly, deep red crystals was 
obtained，m.p. 188-190。C (dec.), yielded 1.40g(94.2%). 
Preparation of 2,3‘-Tetrakis-trimethylsilylmethyl-2,2 ‘-bipyridine 
4c. 
4c could be synthesized from 9 using the same procedure of 7 of 
from 4b using the same procedure for 4b itself, m.p. 83-84°C, 
yielded 90-95%. ^H NMR (CDCI3) 5 0.05(s, 36H), 2.25(s, 2H), 
7.08(dd， 3J5,4=7.9HZ’ ^二4.5HZ’ 2H ) , 7.44(dd, ^J^ 5 = 7 . 9 H z , 
4)4,6=1 .SHz，2H), 8.28{dd, 2H). ^^ C NMR 
(CDCI3) 5 1.92, 23.7，122.27, 137.26, 140.56, 143.12，156.63. MS 
m/z 473(P)+，472(P-H)+，457(P-Me-H)+，399(P-H-TMS)+，311(P-
2TMS-H-Me)+. Calc. for C^^U^^N^Si^ C:60.95, H:9.38, N:5.92%; Found 
C : 6 0 . 6 8， H : 9 . 3 4 , N : 5 . 9 0 % . 
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Charge M i g r a t i o n 
Preparation of 3-Deutero-3-trimethylsilylmethyl-3'-trimethylsilyl-
methyl-2,2 ‘-bipyridine 10. 
To a THF solution of 8 (0.23g, OJlmmole) and tmeda(0.11ml, 
O.Tlmmole), was added nBuLi solution(0.49ml, 1.6M in "hexane, 
0.78mmole) at -78°C. After 2 hours, the reaction mixture was left 
warming up and was stirred at r.t. for 30 hours. To this solution, 
excess D^O was added. Solvent removal followed by ''hexane 
extraction, the organic layer was dried and concentrated. The 
crude product was analyzed by ^H NMR spectroscopy which 
confirmed the formation of 10. 
Preparation of 2,3'-[Di-deiitero-3,3'-bistrimethylsilyl]-methyl-
2,2'-bipyridine 11. 
To a THF solution of 8 (0.51g, 1.56mmole) and tmeda (0.47ml, 
3.12mmole) was added nBuLi (1.1ml，1.6M in "hexane, 1.8 mmole) 
at -78°C. The reaction mixture was stirred at -78°C for 3 hours 
and then at r.t. for 15 hours before one more equivalent 
nBuL i ( l . lm l , 1.6M in "hexane, 1.8 mmole) was added at -78°C. 
The reaction mixture was stirred at r.t. for 16 hours before it was 
quenched with excess D^O. Same work up as 8 was adopted ^H 
NMR spectroscopy indicated a complete conversion of 8 to 11. 
^ 32 
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Chapter 3 Synthesis of Metallacycles 
Section I Synthesis of Group 14 Metallacycle 
3.1 Introduct ion 
Among the metal lacycles invest igated, organot in 
heterocycles are probably the one which are studied most 
extensively. A detail and updated report on the compounds have 
been reviewed.^ Attention had been put in the synthesis of Gp.l4 
metallacycles and the corresponding structural studies. This is due 
to the fact that Gp.l4 compounds have higher stability and the 
chemistry of the heavy congeners is well developed. 
The metal-carbon bond lengths of the Gp. 14 element 
increases down the group: C-C’1.54入；C-Si’1.88入；C-Ge，:L99入；C-
Sn，2.15入 and C-Pb，2.29入.The bond length also parallel with the 
bond strength: Ec_c’358; E^.si^H； Ec.g,,249; and Ec.pb’358 
kJ/mol. The increase in bond length also lessen the screening of 
the central atom by the ligands. Owing to the decrease in 
electronegativity down the group, the heavy congeners are 
expected to be less stable and are more susceptible to nucleophilic 
attack. This explains the significant difference in stabilities shown 
by organolead compounds, which are usually air sensitive 
whereas the others, even some organotin compounds are found to 
be water stable. 
Heterocycles with Si, Ge, and Sn being the heteroatom are 
k n o w n . 2 I t has been reported that the yields of sil icon 
heterocycles prepared via diGrignard and di l i th ium compounds 
are generally low.〗 
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Geii，Snii and Pb" compounds represent stable carbene 
analogues of the Group. Despite the stability of inorganic Pb" 
compounds, most plumbylenes R。Pb are unstable and occur as 
reactive intermediates. Homoleptic plumbylenes eventually 
undergo disproportionation, giving the R^Pb and lead powder.4 
3.2 Results and Discussion 
3.2.1 Synthesis of Group 14 Metallacycles 
The reaction of 6a and 6b with R '^MCl : gave metallacycles 
1 2 - 1 8 . 
R ^ JL ^ N R'2MCl2 人 々 N 
Li( tmeda) T H F _ ^ R' 
( tmeda)Li 1 J - 2LiCl 
N ^ ^ ^ ^ r ^ ^ R - 2tmeda N ^ ^ y 
6a : R=H 12: R=H, MR'2=SiMe2； 
6b : R=SiMe3 13： R=H, MR'2=SnMe2; 
14: R=SiMe3, MR,2=SiMe2; 
15: R=SiMe3, MR '2=Si(H)Me; 
16: R=SiMe3, MR'2=GeMe2; 
17: R=SiMe3, MR'2=SnMe2； 
18: R=SiMe3, MR'2=SnPh2. 
Scheme 5. Synthesis of Group 14 metallacycles. 
The yield for BipcSiMcj 12 was very low and purification by 
preparative chromatography was found to be unsatisfactory. 
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Attempts to improve the y ie ld by varying the reaction 
temperature, rate of reagent addition, etc. were found to be 
unsuccessful. This silepine was characterized by its MS and NMR 
spectra. 
Attempts to synthesize the germanepine BipcGeMe? was 
unsuccessful. The resulting reaction mixture gave some insoluble 
red solid which made the characterization diff icult. 
In the preparation of the BipcSnMe^ 13，moderate yield 
was obtained. This stannepine is air stable and is soluble in polar 
solvent such as THF but it decomposed readily in chloroform. 
The incorporation of trimethylsilyl groups at the a-carbons 
in the ligand enhances the stability as well as the lipophilicity^ of 
the corresponding organometallic complexes. The latter was 
especially important in the process of characterization. Good 
solubility in organic solvent facilitates the preparation of sample 
, for NMR studies. Also, various solubilities in aprotic solvents 
allowed the growing of good quality single crystals for X-ray 
crystallographic structural determination. 
Compared with B ipcSiMe^ l l， the preparation of Bipc'SiMe^ 
14 was carried out under a more forcing condition. The reaction of 
d i l i th ium reagent 6 b and Me^S iC^ in THF at room temperature 
gave a persistent blue color solution, indicated an incomplete 
transferring of ligand. After refluxing the reaction mixture for 24 
hours, it gave a clear orange solution eventually. The final product 
obtained was purified by column chromatography and the fraction 
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eluted after the free ligand was collected. The resulting colorless 
crystals gave a good elemental analysis. The X-ray structure of 1 4 
had also been determined (See Figure 7). The ^H NMR spectrum 
revealed the presence of two diastereomeric forms in the ratio 
2:1, probably the 5SS/XRR being the major product and the 
^SS/SRR being the minor one. The formation of diastereomeric 
forms XSS/5RR was presumably due to ring flipping rather than 
the cyclization process. From the molecular models, it was shown 
that steric congestion between the SiMe，and the ancillary methyl 
groups are less in isomers 5/XRS. Therefore the formation of the 
5/XR S is preferred to the 5RR/XSS. However, no 5/XRS 
diastereomer had been isolated. 
The synthesis of Bipc，Si(H)Me 15 was carried out at -78°C 
and a complete decolorization of reaction mixture was observed at 
0°C. Also, two diastereomeric forms in a ratio of 4.5:1 were 
observed in the ^H NMR spectrum. This compound was 
characterized by its NMR and mass spectra. 
For the synthesis of the germanepine 16，no reflux was 
needed and only one diastereomeric form, probably the least 
sterically hindered one had been isolated. Similarly, synthesis of 
stannepine 17 and 18 also gave only one diastereomeric form. 
Recrystallization of 17 from chloroform gave colorless crystals 
and its structure was determined by X-ray crystallography 
(Figure 8). Repeated recrystallization of 16 from a mixture of 
"hexane and ethyl acetate gave white crystalline solids. The 
metallepines 16 and 18 were also characterized by ^H, ^^ C NMR, 
mass spectra and elemental analyses. 
1 0 
A separate experiment was carried out to investigate the 
possibility of ring flipping. Compound 17 was refluxed in toluene 
for 10 hours, and the ^H NMR spectrum of the stannepine 
recovered had shown that two sets of signal in a ratio of 
approximately 1:1 were obtained. This is presumably due to 
formation of 5RR/XSS by ring flipping. Pure sample of 5SS/XRR 
isomers was subjected to a variable temperature NMR experiment 
(See Figure 6). No obvious peak broadening was observed at the 
temperature range of 0° to 60°C. At ca. 50°C, another set of signal 
appeared. This could due to the possibility of species at the high 
energy end of the Boltzmann distribution having energy higher 
than the energy barrier for such ring flipping mechanism and the 
observation of the XSS/5RR was conceivable. 
In contrast to the Bipc'SnMe^ 17, Bipc'GeMe2 16 and 
B i p c ' S n P h 〗 1 8 showed no interconversion to the other 
diastereomeric forms even at elevated temperature. This is 
consistent with the ^H NMR spectrum of the corresponding 
tungsten tetracarbonyl complexes 25 and 27，which showed the 
presence of only single TMS, methine proton as well as single set 
of aromatic protons. 
From these results, it could be concluded that the ring 
flipping motion depends mainly on the size of the ancillary ligand 
L, and the heteroatomic size, which is also related to the C-M bond 
distance. The smaller heteroatomic size and the less bulky 
ancillary ligand favour ring flipping. 
The synthesis of M( I I ) metallacycles had also been 
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attempted. The reaction of 6b with SnCl，at ca. 0°C yielded a 
yellow crystalline solid after extraction with toluene. The yellow 
crystals once formed, became sparingly soluble in toluene, 
benzene and diethyl ether but soluble only in THF (See Scheme 6). 
This made it di f f icult to be analyzed by NMR spectroscopy. The 
structure of 19 analysed by X-ray structure determination is a 
l i thium complex (See Figure 9). The mass spectrum of 19 showed 
the peak due to Bipc'Sn. 
一 八 1 r ^ 
I ^ TMS I 
( tmeda)L iN^ J s . ^ N MCb S 丫 J Li(tmeda) THF 门一 Sif Li(tmeda) 
MesSi 1 1 -LiCl N ^ ^ f SiMes -tmeda jMS^ f ^ 
^ mm 
1 9 
Scheme 6. Synthesis of Sn(II) metallacycle. 
Attempts to prepare the lead(II) heterocycle by reaction of 
6b wi th PbCl^ was unsuccessful. It was found that lead powder 
was formed, possibly due to disproportionation.4 In addition, the 
orange powder formed was found to be insoluble in organic 
solvent (except THF). The low solubility of the compound formed 
could be due to the formation of polymeric compound. 
The attempts to synthesize the spirobicyclic metallepines by 
the reaction of 6b with SiCl^, GeCl^ and SnCl^ were found to be 
unsuccessful (See Scheme 7). A l l the experiments led to the 
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MCU [ ^ 
MesSi , ^ 3 i M e 3 l ^ ^ ' M 、 、 ^ eg 
MesSi A 
^^：^ MesSr / \ 
J 
M=Si, Ge, Sn 
Scheme 7. Attempted Synthesis of Spirobicycl ic metallepines. 
3.2.2 Characterization 
NMR Spectroscopy 
The fluxional behaviour of 12 was studied by variable 
temperature NMR6 (See Figure 5). It was found that in solution, 
the silepine was fluxional as a result of the torsional rotation of 
the bipyridinyl axis which led to the interconversion between the 
5 and A forms. (See Figure 2). At temperature near 0°C, an AB 
quartet due to the prochiral geminal benzylic protons was 
observed at 1.29 and 1.80 ppm. This quartet was broadened at 
temperature ca, 40°C, and at temperature >60°C, the broad peak 
transformed to a sharp singlet at 1.68 ppm. The energy barrier for 
the interconversion between the two conformers was calculated 
by Eyring Equation:-^ 
AG 中=4.575*10-3Tc[9.972+log(Tc/5v)] 
The coalescence temperature T^ was estimated to be 313K，the 
separation of the two methylene proton 8v is calculated to be 
95Hz, and the energy barrier was estimated to be 15 kcal/mol. No 
1 0 
comparison can be made with the biphenyl analogue because no 
AB pattern was observed at -100°C. This is presumably due to the 
l i tt le difference in the chemical shifts between the two geminal 
protons in such biphenyl analogue.? 
In contrast to the silepine 12，the dimethyl stannepine 1 3 
showed no fluxional behaviour at 20°C. This could be due to the 
increase in heteroatom size which made the energy barrier for the 
f l ipping higher. In both 12 and 1 3， t h e methylene protons 
showed an upfield shift when compared with the methyl proton of 
the free ligand 4a. This is presumably due to the increase in the 
shielding effect when a C-H bond is replaced by C-M bond at the 
a -Carbon. Simi lar observation was also formed in the 
metallacycles 14 to 18 derived from the ligand 4b. 
Compound 12 and 13 showed similar J^g coupling constants 
of 13 Hz and the SCH^-Hg) is 0.51 ppm (calculated at -60。C) for 1 2 
and 0.24 ppm for 13 . Such difference is probably due to the 
smaller heteroatomic size of Si atom which leads to a greater 
shielding effect of one of the methylene proton excerted by the 
ancillary methyl group than in the stannepine 13. 
For all the t in(IV) containing compounds, the ""^Sn and ^^^Sn 
satellites were generally not resolved but the average were 
reported (See Table 5). In all the dimethylstannepines, the 
followed the order 2j(Sn-CH3)<2j(Sn-CH2Ph).8 Owing to the limited 
solubil i ty of the complexes in organic solvent, ^J^n-c were not 
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The metallacycles 12，13 and 14-19 showed the presence 
of the parent peaks with the' expected isotopic pattern. 14 to 1 9 






















































































































































































Molecular Structures of Group 14 Metallacycles 
f 
Table 7. Molecular geometry of Group 14 Metallacycles: 14，17 and 19. 
(Distances in A and angles in 
B i p c ' S i M e 2 14 
S i ( 2 ) - C ( l l ) 1.890(7) C ( l l ) - S i ( 2 ) - C ( 1 2 ) 109.9(3) 
S i (2 ) -C(12) 1.896(8) C ( 4 ) - C ( l 1)-Si (2) 110.6(5) 
C ( l l ) - C ( 4 ) 1.54(1) C(7 ) -C(12) -S i (2 ) 110.6(5) 
C(12)-C(7) 1.528(9) C ( 4 ) - C ( l l ) - S i ( l ) 112.7(4) 
C(5)-C(6) 1.49(1) C(7 ) -C(12) -S i (3 ) 114.7(5) 
C(13) -S i (2 ) -C(14) 106.9(4) 
S i (2 ) -C(13) 1.849(8) Tors iona l angle 
S i (2 ) -C(14) 1.850(8) C(4 ) -C(5) -C(6) -C(7) 58.2 
. B i p c ' S n M e 2 - C H C l 3 17 
S n ( l ) - C ( l ) 2 .182(5) C ( l ) - S n ( l ) - C ( 2 ) 99 .0 (2 ) 
S n ( l ) - C ( 2 ) 2 .176(4) C ( 1 2 ) - C ( l ) - S n ( l ) 105.7(3) 
C ( l ) - C ( 1 2 ) 1.516(6) C ( 1 7 ) - C ( 2 ) - S n ( l ) 106.2(3) 
C(2)-C(17) 1.516(6) C ( 1 2 ) - C ( l ) - S i ( l ) 120.4(4) 
C(LL)-C(16) 1.514(6) C (17 ) -C(2 ) -S i (2 ) 118.4(3) 
C ( 3 ) - S n ( l ) - C ( 4 ) 113.9(3) -
S n ( l ) - C ( 3 ) 2 .133(17) Tors iona l angle 
S n ( l ) - C ( 4 ) 2 .135(7) C(17)-C(16)-C( l 1)-C(12) 67.3 
B ipc 'SnCl -L i ( tmeda)-THF. 19 
S n ( l ) - C l ( l ) 2.492 C l ( l ) - S n ( l ) - C ( l 1) 92.5 . 
S n ( l ) - C ( l ) 2.264 C l ( l ) - S n ( l ) - C ( 1 2 ) 93.8 
S n ( l ) - C ( 1 2 ) 2.29 C ( 1 1 ) - S n ( l ) - C ( 1 2 ) 87.7 
C ( 4 ) - C ( l l ) 1.49 S n ( l ) - C ( l l ) - C ( 4 ) 109.1 
C (7 ) - (12 ) 1.45 S n ( l ) - C ( 1 2 ) - C ( 7 ) 113.0 
C(5) -C(6) 1.47 S i ( l ) - C ( l l ) - C ( 4 ) 118.1 
S i (2 ) -C (12 ) -C (7 ) 122.0 
L i ( l ) - N ( l ) 2.1-5 N ( l ) - L i ( l ) - N ( 2 ) 84.3 
L i ( l ) - N ( 2 ) 2.06 N ( 3 ) - L i ( l ) - N ( 4 ) 88.4 
1 0 
L i ( l ) - N ( 3 ) 2.02 N ( 2 ) - L i ( l ) - N ( 3 ) 126.3 
L i ( l ) - N ( 4 ) 2.07 N ( l ) - L i ( l ) - N ( 4 ) 108.1 
Torsional angle 
C(4)-C(5)-C(6)-C(7) 55.3 
Molecular structure of Bipc'SiMe: 14. 
The molecular structure of 14 adopts a C^ symmetry. The 
mean Si-C^ bond distances is 1.895 A while the mean Si-C(Me) 
1.864 人 .B o t h Si-C bond lengths are comparable to that of 
SiMe4(1.90 土 0.05 A). The angle subtended at the Si atom by the 2 
methyl carbon atoms is 107° while the angle subtended by the 
bidentate ligand is 109.6°. Both bond lengths and bond angle 
suggest that the silicon centre adopts a tetrahedral geometry with 
sl ight distort ion. The angles subtended at the C^ by the 
heteroatom Si and the aromatic carbon are 110.6° and 110.1°. In 
the seven member rings, the angle subtended at the heteroatom 
by the bidentate ligand is slightly larger than that subtended by 
the 2 methyl groups. Such angular disposition is presumably due 
to steric crowding of the alkyl groups. The mean torsional angle is 
found to be 58.2。. -
Molecular structure of Bipc'SnMe217. 
The molecular structure of 14 adopts a C^ symmetry. The 
mean Sn-C^ distance is 2.179 k and that of Sn-C(Me) is 2.134 A 
which lie within the range 2.13 and 2.18 k (c./. SnMe^，C-Sn: 2.18 
±0.03 A ) . The angle subtended at Sn atom by the bidentate ligand 
1 0 
f 
is 99.0° which is much smaller than that subtended by the 2 
methyl groups, which is found' to be 113.9°. Internal angle 
subtended at the C^ are 105.7° and 106.2° respectively. The 
torsional angle is 67.3°. When compared with Bipc’SiMe2，the 
longer C-M bond makes it possible for the heterocyclic ring to 
release some ring strain by adopting a smaller angle at M and C^ 
but adopting a larger torsional angle, in spite of the smaller 'bite' 
angle bring about increased steric crowding of the alkyl hydrogen 
atoms. 
Molecular structure of Bipc'SnCl-Li(tmeda)-THF 19. 
From the X-ray crystal structure 19，it can be seen that the 
Snii centre acts as a Lewis acid which formed a coordination bond 
with a chloride ion. In r/-^-Cp*2Sn77-^-Cp*Na(pmdeta) and ryJ-Cp^Sn-
T ] ^ - C p N a ( p m d e t a ) , ^ both complexes contain paddle wheel 
(T]"^-Cp3)Sn unit and the Sn centre is nearly trigonal-planar in 
geometry. In 19， the stannate complex adopts a t r igonal 
pyramidal geometry and i t is a separated ion pair with the L i 
centre being enclosed in a N^ environment. 
The ‘‘bite，，angle subtended at Sn centre is 87.7° and the 
angles subtended by C^ and CI are 87.7 92.5 and 93.8°. The bite 
angle is smaller than the tiniv metallepine 17. The average C^-Sn 
distances are 2 .28A which is relatively longer than the common 
C^-Sn bond distance of 2.12-2.20人(See Table 8). It is also 
comparable to. the bond distance of { [TMSj^CHlSn}^^® which is a 
1 0 
dimer of a divalent tin compound. The possible reason for the 
longer bond distance is presumably due to the Sn-Cl bond 
formation. The CI group is electron withdrawing, which therefore 
weakens the C^-Sn bond and this is manifested by the lengthening 
in C^-Sn bonds. Unlike tungsten carbonyl(Wde infra�’ complexation 
of a L i ion at the bipyridinyl nitrogens should exert less significant 
effect on the torsional angle of the metallacycles because the L i 
centre can adopt a tetrahedral geometry. The torsional angle is 
55.3°. The angle subtended at the L i atom by the bipyridinyl 
nitrogens and the tmeda nitrogens are 84.3 and 88.4° 
respectively. The internal angle subtended at the C^ ^ are 113.0 and 
109.1。. 
Table 8. Average Ca-Sn distances (A) in various organotin compounds:-
5 
compounds Average C^-Sn distance A 
SnII SnIV 
B i p c ' S n C l - L i ( t m e d a ) ^ 
Bipc'SnMe2 、 2.179 
2.147 
S N [ C H ( T M S ) C 6 H 4 C H ( T M S ) ] 2 L L 2.174 
(T)2S ^ ^  2.158 
(T)2^N[CH(TMS)C6H3C6H3CH(TMS)] 11 2.184 







Preparation of 6,7-Dihydro-6,6-dimethy 1-5 H-dipyridino[c,e] sile-
pine 12. ‘ 
To a stirring hexane solution of bipicoline 4a (0.26g, 3.4mmole) 
and tmeda (1.0ml， 6.7 mmole) was added a solution of 
咖U ( 4 . 2 m l，1 . 6 M in hexane, 6.7 mmole) at 0°C. After half an 
hour, Me^SiClz was added. After 2 hours, hydrolysis was carried 
out and product was extracted with hexane. The organic layer was 
dried and concentrated. Attempts to purify the product by column 
chromatography (silica gel, EA/MeOH: 95:5) were unsuccessful. MS 
and i H NMR proved the presence of the silepine which was 
contaminated with the starting bipicoline, yielded ca. 2%. ^H NMR 
(C6D5CD3) 5 -0.05(s, 6H), 1.16-1.38(broad singlet, 4H), 7.13(dd, 
3J3,4=7.7HZ，3J3’2=4.8HZ，2H)，7 . 3 7 ( d d , 々 J ^ , 1 . 5 H Z， 2 H ) , 
8.50(dd, 3 J 2 ’ 3 = 4 . 8 H z ， 2 H ) . i^c NMR (C^D^CD^) 5 -4.24, 
21.22，122.85, 134.02, 135.79, 146.44, 155.80. MS m/z 240(P)+， 
239(P-H)+，149(P-C5H3NCH2)+. ^H NMR (-60。C) 1.29(AB quartet, 
13Hz, 2H), 1.80(AB quartet, 13Hz, 2H). 
Preparation of 6,7-Dihydro-6,6-dimethyl-5H-dipyridino[c,e]stanne-
pine 13. 
To a boiling solution of Me2SnCl2(1.32g，6.00mmole) was added a 
freshly prepared di l i thiated bipicoline 6a (1.06g of 4a, 5 .75 
mmole). After addition, the mixture was stirred for 3 hours and 
kept at ambient temperature for 3 hours, before solvent and 
volatile were .removed. The residue was extracted with ca. 300 ml 
dried ether. After f i l tration, the fi ltrate was concentrated and 
1 0 
chromato-graphed over neutral alumina with eluent EA: Hexane in 
4:1 ratio. The major portion was collected. Recrystallization gave 
white crystalline solid which ‘ was washed twice with cool ether, 
m.p. 173。C (dec.), yielded 0.70g (37%). ^H NMR (CDCI3) 5 -0.14(s’ 
6H, 54，51 Hz), 1.59 and 1.83 (AB quartet ’2H，^^fsn-u 
unresolved), 6.71(dd, V3.4=7.8Hz, 2J3 2=4.8Hz, 2H), 6.90 (dd, 
coupling unresolved, 2H), 8.51 (dd, coupling unresolved, 2H). ^^C 
NMR (CDCI3) 5 -10.45, 15.33，122.72, 134.32，135.86，145.55, 
155.94 CJsn-c not resolved). MS m/z 332(P)+’ 317(P-Me)+，302(P-
2Me)+，182(P-SnMe2)+. Calc for C^^H^gN^Sn C:50.80，H:4.87, N: 
8.46%; Found C:48.69, H:4.76, N: 14.54%. 
Preparation of 6J-Dihydro-6,6-dimethyl-5 J-bistrimethylsilyl-
SH-dipyridinolc^eJsilepine 14 {5SSIXRR:5RRIXSS=2:1). 
Similar procedure of preparation of 12 was used with starting 
materials of M e ^ S i C ^ (0.60ml, 5.0inmole) and 6b (2.84g, 
4.95mmole). The mixture was stirred at 45°C for 24 hours. Base 
hydrolysis was carried out, solvent removal followed by hexane 
extraction gave an orange solution. The concentrated extract was 
chromatographed over neutral alumina with hexane/ethylacetate: 
85:15 as eluent. The major fraction was collected which gave the 
t i t le compound. Repeated recrystall ization in hexane- gave 
colorless rod-shaped crystals, m.p. 129"131°C, yielded 0.20g, 
(11%). iH NMR (CDCI3) {5SSIXRR) 5 -0.47(s, 18H)’ 0.23(S, 6H), 
1.46(s，2H), 7.09(dd, ^ j ^ ^ ^ ^ y j H z , ^j],〗二4.6Hz，2H), 7.25(dd, 
3 J 4 , 3 = 7 . 7 H z ， 4 J 4 , 2 = 1 . 6 H z’ 2 H ) ’ 8.53(dd, 2 H ) . 
1 0 
(5RR/XSS) 5 一 0 . 0 2 ( s ， 1 8 H ) , 0.04(S，6H), 1.24(s, 2H), 7.18(dd, 
3 J 3 4 = 7 . 9 H z , 3J3 2 = 4 . 7 H z ， 2 H ) , 7 . 4 9 ( d d , 3 J ^ 3 = 7 . 9 H Z , ^J4 2 = 1 . 5 H Z , 2 H ) , 
8.5Udd，3J2 3=4.7Hz’ 2H). ^^c NMR (CDCI3) {5SS/XRR) 5 
0.62，2.67, 28.73，123.52, 135.40，139.49，147.09，156.72. 
{5RmSS) 5 -1.45, 1.94, 122.94, 137.13，138.27，146.54, 158.55. 
MS m/z 384(P)+’ 369(P-Me)+，311(P-TMS)+. Calc. for C2oH32N2Si3 C: 
62.44，H: 8.38，N:7.28%; C: 62.67, H:8.39, N:7.26%. 
Preparation of Bipc'Si(H)Me 15 (5SS/XRR:5RR/XSS= 4.5:1). 
To a -78。C THF solution of 6b (3.29mmole) was added MeSi(H)Cl2 
(0.35ml, 3.4mmole). The violet solution soon turned into green an 
eventually pale orange in color. After st irr ing at room 
temperature for 2 hours, volatiles were removed completely and 
ca. 100ml hexane was added. Filtration followed by filtrate 
concentration afforded pale yellow oil, yielded 0.33g(27%). ^H 
NMR(CDCl3) (5SS/XRR) 5-0.45(s, 9H), -0.40(s’ 9H), 0.35(d, 1.9Hz， 
3H), 1.51(d，CM, OHz, IH), 1.74(d, 1.9Hz, IH), 4.37(m, IH), 7.10(m, 
2H)，7.29(m, 2H)’ 8.54(m, 2H). {5RR/XSS) 5 0.07(s，9H)，0.09(s, 9H), 
0.17(d, 3.5Hz, 3H), 0.92(d，8.5Hz, IH), 1.37(d，8.5Hz, IH)，4.26(m， 
IH) , 7.19(m, 2H), 7.54(m, 2H), 8.39(m，2H). ^^c NMR (CDCI3) 
i5SS/XRR) 5 -2.20, -0.70, -0.47，23.59, 24.13，122.44’ 122.52, 
136.47，136.70，137.83，138.89，145.80, 146.80，154.99, 155.70. 
i5RR/;iSS) 5 -1.61’ -0.07, -0.20, 18.21，18.95，121.84’ 122.11, 
134.42, 134.63，135.11, 135.95, 145.42，145.79, 157.53，157.79. 
MS m/z 370(P)+，369(P-H)+, 355(P-Me)+，297(P-TMS)+. 
1 0 
Preparation of 6,7-Dihydro-6,6-dimethyl-5 J-bistrimethylsilyl-
SH-dipyridinol c，e] germanepine 16. 
To a slurry hexane solution of 6b (0.54g, 0.94 mmole) was added 
Me2GeCl2(0.nml，0.94 mmole) at 0。C, The reaction mixture was 
then stirred at r.t. for 12 hours before filtration was carried out. 
Concentration afforded colorless crystalline solid, m.p. 202°C, dec. 
at 215。C，yielded 0.08g(20%). ^H NMR (C^D^) 5 -0.35(s, 18H), 
0.30(S’ 6 H ) , 1.40(s, 2H), 6 . 6 7 ( d d , ， 了 ， 斗 二 7 , 8 H z ， 2 H ) , 
6.78(dd, 3 j 4 , 3 = 7 . 8 H z， 4 J 4， 2 = i . 7 H z， 2 H ) , 8.51(dd, 二 4 . 5 H z， 
% 4 = 1 . 7 H Z , 2 H ) . 1 3 C N M R ( Q D - C D 〕 ） 0 . 9 2 , 2.74, 29.47, 1 2 3 . 6 4’ 
143.43’ 147.45, 158.59 (with one aromatic peak masked by 
solvent). MS m/z 430(P)+’ 429(P-H)+，356(P-H-TMS)+，310(P-
GeMe2-Me-H)+，238(P-GeMe2-Me-TMS)+. Calc. for C^oHs^NzSizGe C: 
65.79，H: 8.59, N: 8.52%; Found C: 65.69, H: 8.62，N: 8.47%. 
Preparation of 6,7-Dihydro-6,6-dimethyl-5,7-bistrimethylsilyl-
5H-dipyridino[c,e]stannepine 17. 
To a ca. 50ml hexane/THF(3:2) solution of MezSnCl! (1.02g， 
4.64mmole) at 0。C was added a 70ml THF solution of 6b (2.66g, 
4.64mmole) in one portion with efficient stirring of the reaction 
mixture. After the addition the mixture was left warming up to r.t. 
and stirring was continued for 4 hours before solvent was 
completely removed in vacuo, ca. 100m! hexane was added to 
extract the product. After filtration and concentration, an orange 
oil was obtained which solidified on standing. The product was 
purified by preparative chromatograpy over neutral alumina with 
1 0 
hexane/ethyl acetate(3:l) as eluent. The major fract ion was 
collected. Solvent removal afforded colorless crystals. Re-
crystallization in a mixture .of hexane and chloroform afforded 
colorless crystal good enough for X-ray analysis. X-ray 
crystallography indicated structure B ipc 'SnMe^CHCls . m.p. 118-
120°C, yielded 1.35g(61.0%) ^HNMR (CDCy 5 0.06(s, 18H), 0.24(S, 
6H, 2jsn-H=50Hz)，2.15(s，2H 7.16(dd, ^j^^^^y.SHz, 
3 J 3 2 = 4 . 8 H Z , 2 H ) , 7 . 4 7 ( d d , 2 H )， 8 . 4 1 ( d d , 
3J2 3=4.8HZ, %4=1.5HZ, 2H). ^^ C NMR (C.Df iD^) 5 -6.51’ 1.79’ 19.24， 
123.22, 133.61’ 138.20，146.41, 158.86. MS m/z'476(P)+，461(P-
Me)+’ 403(P-TMS)+，326{?-SnMQ^)\ 311(P-SnMe2-Me)+，238(P-
SnMe2-Me-TMS)+. Recrystallization over hexane and ethyl acetate 
gave white crystalline solid, elementary analysis showed that half 
equivalent of hexane acts as solvent of c rys ta l l i za t ion . 
Bipc，SnMe2.1/2C6Hi4. Calc. for CzsHsgN^SizSn C: 53.18, H: 7.76, N: 
5.39%; Found C:53.13, H: 7.58, N: 5.29%. 
The solid after refluxing in toluene for 10 hours, another pair of 
diastereoisomeric fo rm 5 R R / XS S appeared w i th rat io of 
5SS/XRR:5RR/XSS=l:l, ^H NMR for 5RR/XSS ( C D C y 5 -0.43(s, 18H), 
0.29(S, 6H, 2 jsn_H=50Hz)，1.67(s，2H 7.07(dd, 
3J3,4=7.8HZ，3J3,2=4.6HZ’ 2 H ) , 7 . 2 8 ( d d , ^ J ^ ^ ^ Y . G H Z , 2 H ) , 
8.45(dd，3J2 3=4.6Hz, % 4 = 1 . 3 H z , 2 H ) . ^ ^ C N M R ( C G D S C D � ） 5 ' - 4 . 7 1 , 
0.91’ 15.17, 123.72, 139.42, 146.80, 160.31 (with one aromatic 





5 H-dipyridino[c,e] stannepine 18. 
Similar procedure as the preparation of 17 was adopted with 
starting material Ph^SnCl〗（0.615g, 1.78mmole) and 6b (1 .02g, 
1.78 mmole). The mixture was stirred at r.t. for 6 hours before 
solvent was removed. Repeated recrystall ization in hexane 
afforded colorless crystals, m.p. 183-185。C，yielded 0.21g(20%). ^H 
NMR (CDCI3) 5 -0.23(s, 18H), 1.99(S, 2 H ， 7 . 2 2 ( d d , 
3J3,4=7.8Hz，3J3^2=4.7Hz, 2H), 7.31-7.38(m，LOH), 7.47(dd, 3 j4 ’3=7.8HZ， 
4 J 4’ 2 = 1 . 3 H Z， 2 H ) , 7 . 5 2 ( d d ， 3 J，…3 : 4 . 7 H Z， % 4 = 1 . 3 H Z , 2 H ) . I^C N M R 
(CDa3)5 1.46’ 19.42(ij[sn-c 二 280Hz)，123.05, 129.26, 129.65, 135.31, 
137.34, 137.65, 139.36, 146.04’ 158.71. MS m/z 600(P)+’ 527(P-
TMS)+，326(P-SnPh2)+，311(P-SnPh2-Me)+，238(P-SnPh2-TMS-Me)+. 
Calc. for C3oH36N2Si2Sn C:60.11, H:6.05, N: 4.67%; Found C: 60.01，H: 
6.05, N: 4.67%. 
Preparation of 6,7-Dihydro-5,7-bistrimethylsilyl-5H-dipyridino 
[c,e] stannepine 19. 
To an icy cool THF solution of SnC^ (0.29g, 1.6mmole) was added a 
THF solution of 6b (0.89g, 1.6mmole). The mixture was stirred‘ for 
12 hours and THF was then removed completely, ca. 100ml 
toluene was added to extract the product. Filtration was carried 
out immediately and volume of filtrate was reduced by ca. 10ml 
and micro-crystalline solid dropped out immediately. The solid 
was left standing in the mother liquor for two days. Successive 
reduction of solvent in a few days interval，afforded further crops 
of crystals. X-ray structural determination showed the molecular 
6 2 
r 
structure of the crystal to be Bipc’SnCl.Li(tmeda).THF. However, 
elementary analysis showed that the solvent of crystall ization 
seemed to be one equivalent of toluene instead of THF, m.p, 240-
241°C, yielded 0.64g(57%). Owing to the l imit ing solubil i ty in 
benzene and toluene, no satisfactory NMR spectra were obtained. 
MS(CI-CH4) m/z 445(P-1)+，326(P-Sn)+, 311 (P-Sn-Me)+. Calc. for 





Attempted Synthesis of Group 4 Metallacycles 
/ 
3 . 3 Introduct ion 
In view of the versati l i ty of Group 4 organometallic 
compounds in catalytic chemistry and the potential of being 
synthetic intermediates， t i tanium and zirconium containing 
organometallic compounds have attracted much attention. Organo-
z i r con ium and -ha fn ium compounds have also been 
comprehensive r e v i e w e d . A p a r t from the applicability, being 
early transition metals. Group 4 elements display special bonding 
modes. Early transition metals have available low-energy d-
orbitals for bonding. Consequently ligand which can donate many 
electrons or allow polyhato bonding mode, like Cp can stabilize 
these complexes. Coordination saturation or steric hinderance 
provide alternate stabil izing pathway in preventing associative 
decomposition. Metallocene(IV) dihalide makes a good choice as 
starting material in the synthesis organo-titanium, -zirconium and 
-hafnium dialkyls. 
In various electrochemical reduction experiments, the ease 
of reduction of M( IV) falls in the order T i » Z r > H f . In view of the 
strong reducing property of 6 a and 6 b as wel l as the ' low 
solubility of Cp^TiCl〗 in THF, no attempts had been made in the 
preparation of t itanocene metal lacycle in this work. The 
metallocene dihalide used in this work included zirconocene 
dichloride C p z Z r C l i， a s wel l as the bis-silylated hafnocene 
dichloride Cp'^HfCl^. 
1 0 
3.4 Result and Discussion 
f 
3.4.1 Synthesis of Group 4 Metal lacycles 
In the preparation of' BipcZrCp: ’ it was found that the 
reaction of 6a with Cp^ZrCl〗 (See Scheme 8) was less successful 
because the procedures were not always reproducible, unknown 
mixtures were obtained.. 
V Y ^ L i ( tmeda) THF ， 
( t m e d a ) L i , 1 1 " 2LiCl 
N ^ ^ ^ Y ' ' ^ - 2tmeda R • 〜 
k j ^ 
20 M=Zr .R '=H.R=H 
I I : 21 M=Zr.R'=H.R=TMS 
6ID : R=SiMe3 22 M=Hf.R'=TMS,R=TMS 
Scheme 8. Synthesis of Group 4 metallepines 
The fo l lowing alternate preparation pathway had been 
at tempted:-
4a 2 0 
Scheme 9. Attempted synthesis of BipcZrCp2 20 via Cp^ZrH〗. 
By using the polymeric zirconocene dihydride (Cp^ZrH^V，as 
the starting material, the reaction of the metal hydride and the 
free ligand 4 a gave a purple color solution under a re f luxing 
6 5 
t 
condition (See Scheme 9). Replacing THF with hexane afforded 
some purple crystalline solid. The mass spectrum of the product 
isolated suggested that only one arm of the ligand had been 
metallated and cycl izat ion seemed to need an even longer 
refluxing time. Perhaps refluxing the mixture in the presence of 
W(CO)g or refluxing a BipcH^-WCCO)^ with Cp^ZrH^ may help in 
cyclization because both cyclization and chelation share the same 
reaction coordinate, namely the torsional angle 
For the heavier congener, hafnium, probably due to the 
bulkiness of the Cp，，no reaction occurred in the mixture of 6 b and 
Cp'^HfCl〗，until a refluxing condition was achieved. Mass spectra 
showed that the isolated olive green crystalline compound of 
Bipc’HfCp，2 was evident. 
The reaction of 6 b and zirconocene dichloride at room 
temperature afforded the metallacycle 22. In the characterization 
of Bipc'ZrCp^, a 2D NOESY ^H NMR spectrum had been recorded in 
order to show the presence of two diastereomeric isomers. 
Through the spatial coupling it was found that only one pair of 
isomers had been obtained, probably the 5SS/XRR pair (See Figure 
10). The other set of signal was obviously due to the 
decomposition of the title compound. 
Attempt to synthesize Bipc 'HfCp、had not been successful. 
Table 9. Physical properties of Gp. 4 metallacycles:-
A p p e a r a n c e m . p ? C Yie ld % 
2 0 purple crystal l ine sol id 180-184* 17 
2 1 ol ive green sol id - -
2 2 . green sol id 195-200* 24 
* m .p . measured in sealed capil lary tube 
1 0 
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3.4.2 Expe r imen ta l 
Preparation of Bis(cyclopentadienyl)zirconium dihydride. 
The zirconocene dihydride was prepared according to literature 
procedures. 口 
Attempted preparation of 6,7-Dihydro-6,6-biscyclopenta-dienyl-
5H-dipyridino[c,eJzirconepine 20. 
To a THF solution of Cp^ZrCl〗 (1.43g, 4.88 mmole) was added a 
freshly prepared solution of 6a(4.88 mmole). The work up of the 
reaction was similar to that of 13. Dark purple crystalline solid 
was isolated from the toluene extract, m.p. 172-184°C，yielded 
0,34g (17%). No satisfactory ^H NMR spectrum was obtained, due 
to the extreme air sensitive nature of the compound. 
The reaction of (CpsZrEy^^ and 4a. 
Alternate pathway for the synthesis of 20 was done by refluxing 
the mixture of Cp^ZrCl〗 (L16g, 5.17 mmole) and 4a (0.95g, 5.15 
mmole) in THF for 12 hours, when all the white and sparingly 
soluble zirconocene dihydride had disappeared and a purple 
solution was obtained. THF was removed completely and hexane 
was added to extract the product. Fi l t rat ion fol lowed by 
concentration afforded dark purple crystalline solid, m.p 1.80-
184。C，yielded 2.03g (96.8%). MS m/z 404(P)+，389(P-Me)+，339(P-
Cp)+’ 220(Z;rCp2)+，which showed that it is Bipc(H)Zr(H)Cp2. 
Preparation of 6，7-Dihydro-6’6-bis(trimethylsilylcyclopenta-
dienyl)'5H-dipyridino[c,e]hafnepine 21. 
Procedure as 13 was adopted with Cp'^HfCl〗 (2.77g, 5.28 mmole), 
1 0 
and 4a (0.97g, 5,3 mmole). Hexane was used to extract the 
f 
product, concentration of filtrate afforded some olive green 
microcrystalline solid formed'. No satisfactory NMR spectra had 
been obtained. MS m/z CI-CH^ 637(P+H)+，563(P-TMS)+’ 489(P-
2TMS)+. 
Preparation of 6,7'-Dihydro-6,6-biscyclopentadienyl-5 J-bis-
trimethylsilyl-SH-dipyridinolc ,e]zirconepine 22. 
To a THF solution of Cp^ZrC^CO.SQg, 2.0 mmole) was added a THF 
solution of 6b (1.06g, 1.85 mmole) at r.t., the purple red solution 
turned green after stirring for 16 hours. Solvent was removed in 
vacuo, Et2〇 was added to extract the product. After filtration, the 
filtrate was concentrated to afford the precipitation of green solid, 
m.p. 195-200°C, yielded 0.24g(24%). Owing to the high sensitivity 
towards air and high solubility in organic solvent, well crystalline 
solid was unobtainable.〖H NMR (Cp^ ) 5 -0.02(s，18H), 2.51(s, 2H), 
5.62(s, lOH), 6.85(dd, 3J34=8.0Hz, 2H)，7.33(dd, 
3J4 3 = 8 . 0 H Z , 2 H ) , 8 . 2 5 ( d d , 3 J 2 , 3 = 4 . 6 H Z， ^ J 2 4 = 1 . 3 H Z , 2 H ) . I 3 C 
N M R C C G D G ) 5 3 . 2 2 , 6 5 . 8 3 , 1 1 0 . 8 5 , 1 2 1 . 8 5 , 1 3 6 . 1 7 ， 1 4 4 . 4 7 , 1 5 8 . 2 8 




3.5 Attempted Synthesis of Group 12 Metal Metallacycles 
3.5.1 Results and discussion 
Apart f rom the synthesis of Group 4 and Group 14 
metallacycles, Group 12 elements had also been attempted in this 
work. Two Gp. 12 metallepines had been attempted，they were 
BipcZn and Bipc'Cd. 
The reaction of 6a with ZnCl! afforded an insoluble solid. 
Based on the limited solubility of BipcZn 23 in organic solvent, i t 
was believed that BipcZn formed could be a polymeric form in 
solid state. Such polymerization may take place by coordination of 
the divalent Zn with the nitrogens of the bipyridine moiety or by 
the formation of Zn^ cluster. X-ray fluorescence spectroscopy 
showed that Zn element was present and mass spectrum showed 
the peak due to the monomeric species BipcZn was evident. 
However, due to the diff iculty in purification (only washing with 
THF), the identity of the compound was not confirmed. The apple 
green powder showed no observable change when exposed to air. 
Attempts to synthesis of B ipc 'Zn by a similar reaction 
afforded some orange solid which dissolves only in THF. The mass 
spectrum of the product suggested that i t was a mixture, or 
decomposition might occur before analysis. 
Preliminary trials in the synthesis of 24 showed that the 
presence of excess tmeda could reduce the chance of reducing 
Cd(II) into the metallic form. Mass spectrum suggested that 2 4 
had been synthesized. 
Attempts to synthesis of BipcCd by similar reaction has led 
to reduction, shiny Cd metal powder was obtained. 
Attempts to synthesis of Bipc'Hg also led to reduction of the 
1 0 
metal centre. It was confirmed by the formation of some greyish 
powder in THF solution. 
Summarizing the result obtained from group 4 and 12 
elements containing metallacycles synthesis, it was found that the 
solubility of starting metal dihalides played an important role in 
the success in the metathesis pathway. This suggested that most 
metallacycles thus formed were susceptible towards attack of the 
parent l i thium reagent. This undesirable reaction may become 
dominant in medium of increasing metallepine concentration and 
decreasing metal halide concentration. Thus a complicated mixture 
is obtained. 
3.5.2 Experimental 
Attempted synthesis of 23 by the reaction of ZnCl! with 6a. 
Same reaction procedure for 13 was adopted with ZnCl2(0.41g，3.0 
mmole) and 6a (3.02 mmole). Precipitation occurred under an 
orange THF solution. Discarding the THF solution and washing the 
residue 4 times with THF afforded some apple green powder. 
m.p.>300°C，yielded 0.67g(90%). Due to the low solubility of the 
green sol id in organic solvent, further pur i f icat ion by 
recrystallization was not successful. MS CI-CH^ m/z 247(P+1)+. Calc 
for Ci^HioNzZn C:58.21, H: 4.07, N: 11.37%. Found C:55.03，H: 4.61，N: 
9.51%. 
Attempted synthesis of 24 by the reaction of CdCl� with 6b. 
To a mixture of CdClj (0.22g, 1.2 mmole) and tmeda at room 
temperature, 6b (0.68g, 1.2 mmole) in THF was added slowly in 2 
1 0 
hours and the reaction mixture was kept from exposure to light. 
After stirring overnight, THF and volatile were removed in vacuo. 
Hexane was added to extract the product. Fi l t rat ion gave an 
orange solution, which afforded orange oil droplets on prolonged 
standing. Successive removal of these droplets gave some yellow 
crystalline solid, m.p. dec. >70°C, yielded 0.03g (6%) ^H NMR 
(C6D5CD3) 5 0.20(s, 18H), 2.42(s，2H), 6.95(dd, 
3 J 3 2 = 4 . 6 H Z ’ 2 H ) , 7.33 (dd, 2H)，8 .51(dd , 
%,=4.6Uz, % 4 = 1 . 6 H Z , 2 H ) . I^C N M R ( C . D ^ C D J ) 5 0 . 1 0， 2 4 . 1 9 , 1 2 4 . 5 6 , 
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Chapter 4 SYNTHESIS OF BIMETALLIC COMPLEX 
4.1 Brief Review on Bimetallic Complex 
Upon the realization of the active site being played by 
metals in various organometallic catalytic reactions, chemists have 
tried to synthesize polymetal l ic compounds. Hetero-bimetall ic 
complexes with metals differ widely in reactivity but of close 
proximi ty have received considerable attention. Such spatial 
arrangement provides a new pattern of reactivity arising from the 
interactions of the metal with each other or with ligands on the 
adjacent metal. 
These bimetall ic complexes may have direct interaction 
between the two metal centres. For example, 
c 乂 
CpM(C0 )2 + Cp*2ZrH2 ^ C p N ^ Z r C p * 2 + H〗 
C 
II 0 
M=Co, Rh; Cp*=pentamethyl cyclopentadienyl 




where R ranges from ^Bu, Me, Ph，etc., M=Ge, Sn, Pb and M，=Cr，W, 
Fe, etc., B is a Lewis base such as THF, pyridine, DMF, etc., which is 
1 0 
usually present and acts as a stabilizing ligand.2 
Examples for those complexes involving Group 4 and Group 
8 transitional metals but with no M-M，interaction have also been 
founcP:-
p y h 
PfT Ph 




Zr ButS StBu 
略 � � - R h , 
PI? P H 、 C O 




M ’ = M o ’ n=0, R=R'=Me.5 R=R’=Ph.6 R=H, R '=Ph7 R=Ph. R'=TMS.5 
M’=Cr , n = l , R=R'=PH.8 
M’=Mo’ n=2, R=R’=Ph.9 
1 0 
A series of bimetallic complexes that derived from ferrocene 





E=S, M=Cr. W, Mo. E=Se, M=Cr. W, Mo.i。 
The fo l low ing examples are complexes derived f rom 
ferrocene and R u ’ " and Pd^ -：-
厂 1 2 + 
TVv\ T^、n^ 
^ 2C1.XH20 i ^^^JJ 
KJrSJ 
Unlike Schiff base type metallic complexes, all the above-
mentioned examples contain at least one C-M a- or 冗-bond in the 
complex. In this work the bimetallic complexes resemble the last 
series of the examples in which the ligand is a diazabiaryl ligand. 
Furthermore, i t adopts a C^ symmetry. It is known that such chiral 
bipyridine derivatives exhibit high enantioselectivity in various 
asymmetric reactions, such as the enantioselective addition of 
diethylzinc to a,p-unsaturated ketones by using catalytic amount 
1 0 
of nickel complex of the bipyridine 32 . " 
B u t ~ ^ V - ^ B u 
O H H O 
3 2 
叉 么 + ZnEt2 恥 、 > 1 f 
Ni(acac)2 i T ^ ^ ^ ^ R ’ 
33a/34a R=Ph, R,=Ph 
33b/34b R=p-MeO-C6H4, R'sCgHs’ 
33c/34c R=CH3, R'=C6H5 
Bolm and Katsuke have developed various chiral bipyridine 
ligands which were also found to be useful in asymmetric 
cyclopropanation.i4 
The idea for enantioselective ligand design is based on the 
bel ief that in order to reduce the number of possible 
diastereomeric conformations in the stereo-determining step, the 
conformational f lexibi l i ty of the catalytic metal complex must be 
reduced b e f o r e h a n d ” This problem can be tackled by increasing 
the rigidity of the ligand framework, ^ ^ or done by incorporating a 
chelate side chain in the 2,2'-bipyridines, such that additional 
intramolecular interaction between the ligand and the complexed 
metal can lower the conformational f lexibi l i ty. 
In this work a third approach is used, namely incorporating 
a bidentate site at the 3,3’-positions, so that the conformational 
1 0 
f lexibi l i ty is lowered and provides a favourable geometry for 
complexation at the bipyridine nitrogens. Furthermore this metal 
may participate in the catalytic reaction, either by modifying the 
electronic condition of the whole system or by acting as an active 
site for such reactions. 
L'nM； 
N H . 
R=H, TMS; L ,L '=anc i l la ry ligands, n’n,=number of ancillary ligands. 
Figure 11. Bimetal l ic complex derived derived f rom metallepine prepared in 
Part I. 
4.2 Results and Discussion 
4.2.1 Synthesis of Bimetallic complexes 
In this work, a viable synthesis of bimetallic complexes is 
described. The complexing ability of such diaza-metallepine had 
been investigated and the structural information of one of this 
compounds had been determined by X-ray crystallography, 
namely the tungsten tetracarbonyl complex of the stannepine 17 
(See Figure 12). Complexation at the bipyridinyl nitrogens can f ix 
the configuration of the metallepines, such that the conversion 
between the 5 and X forms becomes impossible without the supply 
1 0 
of thermal energy or photo-energy which is essential in breaking 
the W-N bond.i7 
However no attempts had been made in the isolation of the 
optically pure compound but the structural data as well as the 
complexation ability paved the way for further investigation on 
the possibi l i ty of synthesizing and isolating optically pure 
stereoisomer using some high chiral recognition complexing 
p a r t n e r s , o r by chiral column chromatography.i9 The geometric 
data might help in understanding the substrate selectivity, hence 
the mechanism of the catalytic reaction that might be involved. 
The reaction of the metallacycles wi th W(C0)6 under 
re f lux ing condi t ion, yielded the corresponding bimetal l ic 
compounds. Three bimetallic complexes had been characterized by 
NMR and for 26, an X-ray structure had been determined. In all 
cases, refluxing conditions was essential and the reactions were 
monitored by TLC. 
Attempts had also been made by refluxing silepine 12 with 
W ( C 0 ) 6 . However the orange compound eventually turned yellow 
in color on prolonged reflux. According to the observation of the 
above bimetallic complexes, it was believed that the orange color 
indicate the success of complexation and the yellow color probably 
indicate that decomposition of such complex had taken place. No 
attempt had been made using the stannepine 13 because of its 
inherent instability at elevated temperature. 
It is expected that upon complexation with the octahedral 
tungsten hexacarbonyl, the dihedral angle between the two 
1 0 
pyridine rings should be reduced significantly. In extreme case, 
i.e. the total flattening of two pyridine rings，the metallepine 
which originally adopts a C: symmetry, w i l l convert into a C^ 
symmetry. The two symmetries give completely different NMR 
patterns. During characterization, i t was found that the above-
mentioned four bimetal l ic complexes 2 5 - 2 8 , sti l l adopt C〗 
symmetry in solution form. The IR spectra of (25-27) confirmed 
that the compounds were cis-substituted tungsten tetracarbonyl 
complexes, as only four v^Q bands near 1900 cm"^ were observed. 
The structure of Bipc'SnMe2-W(C0)^ had been determined by X-ray 
crystallography (See Figure 12). The ^H and ^^C NMR spectra 
showed the presence of the other diastereomeric pair 5RRIXSS. 
Apart from the synthesis of Bipc’MLn.W(C0)4，attempts had 
also been made in synthesizing ( B i p c ' M L ^ M ’ （ M ’ = F e 2 + ， . 
However, the resulting reaction mixture gave some deeply colored 
powders, and they were insoluble in both polar and non-polar 
solvents, including methanol and DMF, which made the structural 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.2.2 Characterization of Bimetallic Complexes 
NMR Spectroscopy 
Al l the iH NMR spectra show down field shifts of aromatic 
proton siganls, it is presumably due to the formation of the 
coordination bonds between the pyridinyl nitrogens with tungsten 
carbonyl, which increases the electron withdrawing effect of the 
nitrogens hence leading to a deshielding effect. 
" C NMR spectroscopy showed carbonyl C siganals at 190 to 
220 ppm. Compounds 25 and 27 showed 2 carbonyl carbon 
signals as expected by symmetry consideration. Three carbonyl 
signals were observed in compound 29 which was a mixture of 
the 5SS/XRR and 5RR/XSS isomers. This was explained by the 
accidental overlap of one of the CO signals. Compound 28 showed 
only one CO signal in the ^^c spectrum, this was presumably due to 
overlapping of the axial and equatorial CO signals. 
Mass Spectrometry 
No parent peaks are observed in all the mass spectra of the 
4 tungsten tetracarbonyl complexes. The highest peak, in all cases, 
were the peak of the metallepines, with the fragmentation pattern 
similar to that of the corresponding metallepines. 
Molecular structure of Bipc，SnMe2.W(CO)4. (See Table 13) 
The torsional angle for this bimetallic complex is 40.5°, 
which is reduced by more than one third in value (26.8°) when 
compared with the angle of 67.3° in the stannepine 17 before 
complexation. Such decrement is comparable to the cycloocta[2,l-
b:3,4-b']bipyridine and its molybdenum tetracarbonyl complex 
1 0 
(decrease from 62.4°(calc) to 45° (measured))^^^ The reduced in 
the torsional angle is accompanied by the alteration of the internal 
angles of the seven member ring. The angle subtended at the Sn 
atom is reduced from 99.0° to 94.3°. The angles subtended at the 
a-carbons are however increased asymmetrically from 105.7° and 
106.2° to 117.0° and 106.7° with one angle increases more 
significantly than the other. Such difference is probably due to the 
change in relative disposition of the TMS groups at a-carbons 
upon the flattening of the two pyridine rings. Such asymmetric 
rearrangement is conceivable by considering the extreme case, i.e. 
the total flattening of the two pyridine rings (zero torsional angle), 
the molecule changes from C: to C^ symmetry with one TMS 
group subjected to a greater steric congestion than the other. 
Shortening of bond distances is also observed at bonds between 
the two pyridine rings (1.514 A to 1.474 A ) , between 
(1.516 人 to 1.487 A). The IR spectra showed that the carbonyl 
stretching bands of the tungsten centre locally adopts a Q^^ 
symmetry and this is confirmed by the X-ray structure. Slight 
bending the C-0 bond is observed. The mean bond distances of the 
equatorial and axial C -0 bonds are 1.154 A and 1.172 A 
respectively and the mean bond distance between the W-C of the 
equatorial and axial bonds are 1.962 A and 2.002 A respectively. 
When compared wi th the hexacarbonyl complex, the mean 
distances of C-0 bonds and the W-C bonds are 1.148 人 and 2.058 
A r e s p e c t i v e l y I t can be seen that a shortening of W-C bond and 
a lengthening of C-0 are observed in this compound. Such changes 
are probably due to the poor 7C-acceptor property of bipyridine. 
1 0 
Replacing two carbonyl groups with a bipyridine enhances the 
back bonding effect in the remaining carbonyl groups, hence 
leading to the shortening of W-C bond and the increasing of C-0 
bond. 
Table 13. Selected X-ray Data of Bimetal l ic complexes 
(Distances in A and angles in 
Bipc'SnMe2-W(CO)4 26 
Sn(l ) -C( l l ) 2.178(10) C(11)-Sn(l)-C(15) 94.3(3) 
Sn(l)-C(15) 2.176(7) C(4)-C(l l)-Sn(l) 106.7(6) 
C(4)-C(ll) 1.469(11) C(7)-C(15)-Sn(l) 117.0(6) 
C(7)-C(15) 1.504(13) C(4)-C(ll)-Si(l) 119.3(6) 
C(5)-C(6) 1.474(11) C(7)-C(15)-Si(2) 114.3(5) 
C(23)-Sn(l)-C(24) 109.0(4) 
Sn(l)-C(23) 2.133(11) Torsional Angle 
Sn(l)-C(24) 2.132(9) C(4)-C(5)-C(6)-C(7) 40.5 
W(l)-N(l) 2.215(7) N(l)-W(l)-N(2) 72.2(3) 
W(l)-N(2) 2.228(7) W(l)-C(20)-0(2) 175.8(10) 
W(l)-C(19) 1.976(10) W(l)-C(21)-0(3) 174.2(8) 
W(l)-C(22) 1.948(10) W(l)-C(19)-0(1) 177.5(9) 
W(L)-C(20) 2.025(12) W(l)-C(22)-0(4) 177.0(9) 
W(l)-C(21) 1.978(12) 
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4.2.3 E x p e r i m e n t a l 
Preparation of 6,7-Dihydro-6\6-dimethyl-5,7-bistrimethylsilyl-
SH-dipyridinolc ,e] germanepine-N ,N' -tungsten-tetracarbonyl 25. 
To a mixture of 16 (O.lOg, 0.23mmole) and W(C〇）6 (0.08g’ 0.23 
mmole) was added ca. 30ml toluene. The reaction mixture was 
refluxed for 10 hours(monitored by TLC). Concentration of the 
resulting red solution to about 10ml and cooled to -30。C afforded 
red crystall ine solid, m.p. 234-5。C’ yielded 0.06g(40%). Mass 
spectometry analysis showed identical spectrum as 16. The red 
solid was stable in air but the chloroform solution decomposed on 
prolonged standing. ^H NMR (CDCI3) 5 -0.50(s, 18H), 0.53(S, 6H), 
1.78(s，2H), 7.15(dd, 二7.8Hz’ ^ j ] ,〗二5.2Hz，2H)，7.45(dd, 
3J,3=7.8Hz, 二 1 . 5 H z ， 2 H ) , 8.95(dd，3j, 3 = 5 . 2 H Z , ^ ^ ^ L . S H Z , 2 H ) . i^c 
NMR (CDCI3) 5 0.42’ 2.62’ 31.35’ 124.59, 141.37, 144.96，149.24, 
156.38，203.22，216.86. MS m/z 430(P-W(C〇）4)+，429(P-H-
W(C0)4)十，356(P-H-TMS-W(C0)4)+. Calc. for C^^'i^^^^^O^Si^Q^"^ 
C:39.75, H:4.45, N:3.86%; Found C:39.82, H:4.43, N:3.81%. ir 
1998，1900，1888，1824 cm-i. 
Preparation of 6,7-Dihydro-6,6-dimethyl-5 J-bistrimethylsvlyl-
SH- dipy ridino[c，e ]stannepine-N tungsten - tetracarbony I 
(5SS/XRR:5RR/XSS=1:1) 26. 
Similar preparation procedure as 17 was carried out with starting 
material (15)(0.26g, 0.55mmole) and W(C〇）6(0.19g, 0.55mmole). 
A f te r re f lux ing for 10 hours， the react ion mixture was 
concentrated to 5 ml and was kept at -20°C afforded red crystals. 
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m.p. 148-150。C， yielded 0.43g(95%). X-ray crystallography 
indicated a structure Bipc’SnMe2 W(C〇）4.1/2PhMe. ^H NMR (CDCI3) 
5 -0.52(s, 18H)’ 0.08(s’ 18H) 0.32(S, 6H, ^-42, 51 Hz), 0.48(S, 6H， 
2Jsn.H=41，46Hz), 1.61(s，2H -Jsn-H=29Hz), 2.04(s, 2H -Jsa-H=42Hz), 
7.13-7.20(m，4H)，7.49-7.55(m, 4H), 8.79 (dd，2H), 8.90(dd, 2H). 
Coupling constant unresolved. ^^ C NMR (CDCy 5 -7.08, -2.01, -0.07， 
1.45, 21.41, 29.97，128.92, 129.73, 136.21, 141.75, 142.62, 145.24, 
148.96，155.40, 156.87, 203.33，203.68, 216.78. MS m/z 476(P-
W(C0)4)+，460(P-W(CO)4-Me)% 403(P-W(C〇)4-TMS) + . Calc. for 
C^sH^^N^OgSi^Sn^W^ C:40.41，H: 4.44, N: 3.43%; Found C: 40.34, H: 
4.44, N:3.31%. IR T)。。2005, 1894，1852，1816cm-i. 
Preparation of 6,7-Dihydro-6,6-diphenyl-5,7-bistrimethylsilyl-
5H-dipyridino[c,e]stannepine-N,N' -tungsten-tetracarbonyl 27. 
A mixture 18 (0.20g, 0.33mmole) and W(CO)g (0.12g, 0.34mmole) 
was refluxed for 10 hours in toluene. Removal of small amount of 
solvent afforded orange powder, m.p. 285-290°C, dec. >290°C, 
yield 0.20g (66%). ^H NMR (CDCI3) 5 -0.64(s, 18H)’ 2.54(S, 2 H ， 
H二97Hz)，7.26(dd, 3 J 3 , 4 = 7 . 9 H Z ， 2 H ) , 7.42-7.44(m，6H)， 
7.53-7.57(m, 4H), 7.76(dd, 3J43=7.9Hz, 2H), 7.98(dd, 
\3=5 .1HZ, \4=1.3HZ, 2H). 13C NMR (CDCI3) 5 -0.41, 26.21，. 124.11, 
126.00，129.14, 130.10，136.78, 139.97，141.09，144.87，148.54, 
202.66, 216.30. MS (CI-CHJ m/z 601(P-W(CO)4+1)+’ 585(P-W(C〇)4-





trimethylsilyl-5 H-dipy rid ino[c ,e]zirconepin e-N ,N'- tungsten-
tetracarbonyl 28. ‘ 
To a toluene solution of W(CO)g(0.27g, 0.76 mmole) was added a 
toluene solution of Bipc’ZrCp2(0.42g, 0.76mmole). The mixture was 
refluxed under nitrogen for 2 hours when the green color 
completely turned reddish brown. On concentration, some orange 
crystalline solid was obtained. The orange solid was washed with 
3 portions of cool hexane and then dried (0.14g, 21%) in vacuo. ^H 
NMR(C6D5CD3) 5 0.19(s，18H), 2.64(s’ 2H), 5.82(s, lOH)’ 7,09(dd, 
3 J 3 4 = 8 . 1 H Z , 二 4 . 5 H Z ， 2 H ) , 7 . 5 3 ( d d , 3 J ^ 3 = 8 . 1 H Z , % , 2 = 1 . 敢 2 H ) , 
8.38(dd, 3 J 2 , 3 = : 4 . 5 H Z ， 2 H ) . ^^c NMR (CP5CD3) 5 2.10, 
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A p p e n d i x 
f 
General Procedure 
Al l reagents were used without further purification. Solvents were 
dried over sodium wire and disti l led over calcium hydride 
("hexane), sodium ketal of benzophenone (THF, Et^O, benzene), and 
sodium metal (pentane, toluene). Deuterated benzene and toluene 
were dried over sodium metal and stored under nitrogen or argon. 
Deuterated solvents were vacuum distilled into NMR tubes. A l l 
compounds were assumed to be extremely air sensitive (especially 
those lithium and transition metal containing compounds) unless 
proven otherwise and were handled in a dinitrogen or argon 
atomsphere or in vacuo with standard Schlenk techniques. Melting 
points were measured in sealed capillary tubes under nitrogen, 
unless otherwise stated. Both melting points and boiling points 
were uncorrected. Infrared spectra were recorded on a Nicolet 
20SXC FT-IR spectrometer. ^H NMR spectra were obtained on a 
Bruker WM250 (250MHz) NMR spectrometer. Chemical shifts were 
reported as parts per m i l l i on (ppm) downf ie id f rom 
tetramethylsiliane in 5 units, coupling constants ( / ) were in hertz 
(Hz). i H NMR data were reported in this order: chemical shift, 
multiplicity (s=singlet’ dd=doublet of doublet, m=multiplet and - AB 
quartet), coupling constant(s), number of proton(s). ^^C NMR 
spectra were recorded on Briiker WM250 spectrometer operating 
at 62.5 MHz. Peak position for both ^H and ^^C NMR were on 5 scale 
when using deuterated solvents as internal standard (【H: 
chloroform,7.24; benzene,?.15; toluene,2.23; ^^C:chloroform,77.7; 
benzene,128; - toluene,21.5. Mass Spectral data were obtained , 、 
either on a VG 7070F mass spectrometer, or performed at 
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Shanghai Institute of Organic Chemistry, Academia Sinica, China. 
In all cases, signals were reported as m/z. Analytical thin layer 
chromatography (TLC) was carried out on commercial E. Merck 60 
PF254 silica gel plates (Art. 5554). E. Merck 70-230 mesh silica gel 
80 (Art 7734) and E. Merck Aluminium oxide 90 (Art 1077) were 
used for column chromatography. Elemental analyses were 
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